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NATIONAL ADVISORY COillMITTEE FOR AERONAUTICS 

TECHNICAL NOTE No. 1075 

EFFECT OF COMPRESSIBILITY ON SECTION CHARACTERISTICS OF 

AN AIRFOIL _WITH A ROUND-NOSE SLOTrED FRI3E AILERON 

By Arvo A. Luoma 

SU1K"J..ARY 

Compressibilit:y effects on .the aerodynanic section 
characteristics of an airfoil with a round-nose slotted 
Frise aileron were investigated from pressure distributions 
obtaine;J at various airfoil angles of attack and aileron 
angles for :;..rach numbers from 0.25 to approximately 0.?6~­
The aileron tested represented a modification of a sharp­
nose Frise aileron previously investigated by the NACA. 
The ~edification included an -increased nose radius as well 
as an increased balance chord. 

Modifying the.nose of the aileron improved the -
section aileron effectiveness ~a/~6a at large negative 
aileron deflections and S·lightly reduced the effective­
ness at moderate aileron deflections. The wind-tunnel 
data indicated a reduction in stick force and an improve­
ment in stick-force characteristics at high d~vi~g speeds; 
however, the tendency of the up-going aileron toward ex­
cessive overbalance at these high speeds still existed. 
Section aileron loads were essentially -unchange1 by 
modifying the aileron nose. 

INTRODUCTION 

Flight tests of a high-sp6ed_, fighte.r:-::type air-
plane with sharp-nose ailerons showed h~avy stick forces 
at large ailero:1 deflections and U.Yldesirable aileron over­
balance tendencies in high-speed dives. These aileron 
difficulties were further eviGenced by the results of the 
high-speed tunnel tests (reference 1) of an aileron , 
model based on t~e midsection of th~ original sh~r~-nose 
aileron used on this airplane. In order to improve the 
lateral-control characteristics of the airplane, the 
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Langley Flight Research Division modified the original 
aileron by increasing the nose radius and nose overhan6• 
Flight tests of this modified aileron were made and 
reported in reference 2. 

The high-speed-tunnel tests of the sharp-nose aile--ron 
model reported in reference 1 were extended to include 
tests of an aileron model based on the midsection of the 
NACA modified aileron developed for use on a high-speed 
fighter-type airplane. Complete pressure-distribution 
measurements over the main portion of the-airfoil and 
modified aileron were made at Mach numbers up to approxi­
mately 0.76 to determine the aerodynamic sect16n charac­
teristics of the airfoil and aile:ron and the effect-of 
compressibility upon these characteri~tics. 

SYi.!BOLS 

The term 11 airfoil 1l is herein used to mean the combin­
ation of theaileron and the main portion ~f the air_foil. 
The term ••aileron alone 11 refers to the characteristics of 
the aileron in the presence of the main portion of the 
airfoil. The aerodynamic coefficients and other symbols 
used in the present report are as follows: 

a angle of attack 

V velocity in undisturbed stream 

p 1 rolling angular velocity 

p local static pressure at a point on airfoil section 

Po static pressure in undisturbed stream 

p mass density in undisturbed stream 

a 

q 

p 

speed of sound in undisturbed stream 

dynamic p~essure in undisturbed stream 

pressure coefficient (p ~ p~ 
M Mach number (V/a) 
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6a 

ca 

eM 

cw 

X 

xha 

xhw 

y 

Yh 

Cna 

aileron deflection; positive for down deflection 

total chord of aileron (see fi& 1) 

chord of main portion of airf~il (without aileron) 

chord of airfoil (with aileron) 

distance along chord from leading edge of airfoil 
or aileron 

hinge-axis location alone chord from leading edge 
of aileron 

hinge-axis location along chord from leading edge 
of airfoil 

distance normal to chord 

hinge-axis location normal to chord 

section normal-force coeffi~ient o~ aileron alone 
from pressure-distribution data 

Cn ;::: 2._ fca (PL - :£:lui dx 
a ca:J 0 'I 

cn section normal-force coefficient of main portion 
M of airfoil (without aileron) from pressure­

distribution data 
1""\c,~ 

cnM = ~ JO ·'- (PL .,.. Pu)~ dx 

section normal-force coefficient of airfoil (with 
aileron) from pressure-distributio~ data; 
component of total normal-force coefficient due 
to aileron chord force neglected; maximum abso­
lute error thus introduced approximately 0.01 



4 NACA TN no. 1075 

section chord-force coefficient of aileron alone 
from pressure-distribution data 

cca = c~] .. Ymax ( Pah - Pr) dy 

.tmin 

section hinge-moment coefficient _of aileron alone 
about aileron hinge axis - from press-ure­
distribution data 

= ({J[l Ca (Pu - ~) ( x - "ha) dx 

+J Y~ax (Pah- Pr) (Y- Yh) dy] 
Ym1.'1:1 

section pitching-moment coefficient of airfoil 
(with aileron) about quarter-chord point- of 
airfoil due to normal force on main portion of 
airfoil and aileron; pitching moment due to 
chord force of main portion of airfoil and 
aileron not included 

- cnaca cos 6a (xhw- ~) 

+ cnaca sin 5a Yh] 

section center-of-pressure coefficient of aileron 
alone (ratio of distance of center of-pressure 
of aileron from leading edge of aileron to 
total chord of aileron) 

... 

.. 
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Subscripts; 

cr when local speed of sound has been reached on some 
point on airfoil section 

U upper surface of airfoil section 

L lower surface of airfoil section 

ah ahead of maximum ordinates of aileron 

r to the rear of maximum ordinates of aileron 

max maximum 

min minimum 

APPARATUS AND TESTS 

The tests were made in the Langley 8-foot high-speed 
tunnel, which is of the single-return, circular cross- · 
section, closed~throat type with continuously co~trolled 
airspeed for these tests in an ap~roximate Mach number 
range of 0.15 to 0.75. - ·-----· --

The model used in this investigation was a 
24-inch-chord 10.5-percent-thick airfoil with a round~ 
nose slotted Frise aileron based on the midsection of the 
NACA ~odified aileron developed for· e. high-speed fighter­
t~rpe airplane. The model was of. uniform section and 
spanned the tunnel. The main portion of the airfoil and 
the aileron tailpiece were the·same as those used in the 
tests of reference 1. The sharp nosepiece gf the aileron 
of reference 1 was replacei with a ~osepiece of increased 
nose radius and increased nose overhang. The aileron · 
hine:e-axis ~ocation, with respect to airfoil chord,·. 
remained the same for both models. A cross sectior. of the 
modified round-nose aileron discussed herein is compared 
with the orieinal aileron in figure 1. Tables I ~d Il · 
give the coordinates of the'main p6rti6~ of-the airfoil 
and the modified aileron, respectively. -The :aileron 
nose radius was increased from 0.4 of 1 percent of the 
aileron chord for the orieinal sharp-nose aileron to _ 
2.2 percent of the aileron chord for the modified aileron. 
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The additional nose overhang increased the original 
aileron chord by 2 percent and changed the seometric nose 
balance from 25.70 percent to 27.16 percent. 

Completo static-~ressure measurements over the main 
portion of the airfoil and the aileron were made for 
Mach nUJnbers from 0.25 to approximately 0.76 for various 
airfoil angles of attacl{ and ailoron deflections. The 
tests were mace with aileron deflections from -15,5° t-o 
150. Model structural consider a tiona lill'i ted the maxi­
mum aileron deflections to values less than those of 
reference 1. Simultaneous observa.tions ·of the a t'atic 
pressures acting over the airfoil were obtained by photo­
graphing a multiple-tube liquid manometer. 

RESULTS 

The aerodynamic st:ctlon characteristics presented 
herein have been determined from integ1•atlon of pressure­
distribution data by the same method used in the analysis 
of the data of reference 1 •. 

Section airfoil normal-force coefficient is 

plotted against angle of' attack a at various aileron 
deflections in figure 2. Compressibility effects on 
sect"ion normal-force-curve slope o Cnw/0 a and oc~wfO 5a 

are shown in figure 3. 

The effectiveness of the aileron for producing roll 
is indicated by figure 4, which s-hows the variation in 
angle of attack with ~ileron deflection necessary to 
maintain a sect~on ai:t:!.foil normal-force coefficient of 0. 
A large negative slope is necessary for high rate of roll. 
The effect of compressibi:lity on aileron effect'iveness for 
moderate 'aileron deflections is more fully brought out in 
figure 5, which shows the variat"ion of the effectiveness 
ratio t:.a/l:loa (here taken as the ave.rage· value for 
deflections from -6o to 60; the minus si);:'n is omitted) 
with Mach number. Figure b is a plot.of~section steady 
rate of roll again·st Mach number. This sect ion roll 
varies directly as the product of the effectiveness 
ratio /ja/D.5a .and the velocit:,r V and was determined as 
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explained in reference 1. The sectio~ roll is propor­
tional ~o the roll of a rigid wing in_· pure roll; therefore, 
fie:ure b has been incluced to illustrate the nature of the 
compressibility effect on- roll. 

Section aileron hinge-~oment-coefficient data are 
given in figures 7 and 8 and section center-of-pressure 
coefficient data in figure 9· Estimated stick-fo~ce data 
for nondifferential aileron deflections, based on hinge­
mome~t coefficients at airfoil lift coefficients corre• 
spending to those of a high-speed fighter-ty·pe airplane 
in level 'flig.ht, are given in figure 10. 'lhese data were 
calculated for an aileron linkage of 1.7° aileron deflec­
tion per inch of stick movement, an area ~f the single 
aileron of 13.3 square feet,- an aileron mean chord of 
19.1 inches, and a hinge-axis location 27.2 percent back _ 
from the leading edge of the aileron. No account has been 
taken of variation of the section aileron geometric · 
balance along the aileron span or of the effect of three­
dimensional flow on actual stick forces-

Comparative data on peak negative pressure coeffi­
cients (here taktm as peak experin:ental values at a .. 
static orifice) for the subject aileron and that reported 
in reference 1 are shown in figure 11. The data for the_ 
modified aileron at aileron deflections of -12° &J.d -15.5° 
are shown extrapolated., where necessary, to the Pcr ... curve. 
Figure 12 gives section aileron cr~tical Mach n~~ber data. 
Section aileron normal-force coefficient data and section 
aileron loading data are presented in figures 13 and .lL~, 
respectively. 

Figure 15 shows data on section critical Mach number 
of the main portion of the airfoil. Section airfoil 
pitching-moment-coefficient data appear in figure 16 _ an.d 
section aileron. chord-force coefficient 1ata in figure 17. 

Included in some of these figures are curves taken 
fro~ reference 1 for the original sharp-nose aileron. 
These date. are presented for com;>arati ve purposes, and the 
sharp-nose aileron is desi~nated the original aileron 
(reference 1) • 
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DISCUSSION 

The nosepiece of the aileron used in these tests 
had a larger nose radius and more nose overhane: the.n that 
used in the tests of reference 1, as previously ment-ioned 
and shown in figure 1. This change in nose form, of 
course, modified the shape of the slot between the main 
portion of the airfoil and the aileron nose. Exce~~-for 
the different nose shape with it-a modifying effect on slot 
shape, the two airfoil models were the sa.ne. 'J~he discus­
sion is, therefore, chiefly concerned with the effect of 
mod1.fication of the aileron nose radius and geometric 
balance upon aerQdynamlc section-characteristics of the 
airfoil and aileron.- The results reported for the 
modified aileron are compared with those presented in 
reference 1 for the airfoil Nith the original sharp-nose 
aileron. 

Control Effectiveness Characteristics 

The normal-force-curve slopes Ocnw/oa and ocnwfooa 
for the modified aileron (figs. 2 and 3) are essentially 
the same as those given in referen6e 1 fo~ the original 
aileron. Improved air flow at la:rge negative aileron 
deflections :renders the mo1ified aileron more effective in 
producing roll at ttese deflections than the original 
aileron, as shown by the larger changes in angle of 
attack a at large negative deflections necessary to 
maintain a constant value of section airfoil normal-force 
coefficient (fig. 4). Hence, at- moderate speeds at which 
stick forces permit aileron deflections of this magnitude, 
greater rates of roll are indicated for the modifi6d 
aileron. This difference in effectiveness, however, 
becomes less with increase in ~ach n~~ber. FOr figure 5 
the ef'fectiveness ratio 6a/!loa at moderate aileron 
deflections (±60) is found to be somewhat lower for the 
modified aileron model than for the original aileron 
model. This loss in effectiveness ca.l"l be seen to amount 
to less than 5 percent at a Mach number of 0.7 
(figs. 5 and 6). '1''he flight tests of refe;rence 2 showed 
increased effectiveness at large ailero~ deflections £or 
the NACA modified ailerons, as indicated by the 
two-dimensional data, but the flight teats generally showed 
some improvement e.t moderate de flee tlons also. 
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Ailerorr Hinge-Mo~ent Coefficient 

Modification of the aileron has a favorable effect, 
because of' improved flow conditions, on the hine,e-moment 
coefficient of' the aileron over an e.xtended range of' 
negative aileron deflections (figs. 7 and 8). The nega­
tive aileron deflection, beyond which there is a rapid 
increase in hinge-moment coefficient, has been incrsased 
from -60 deflecti~n for the ori~in&l aileron to -12 
deflection at the lower Mach nu,.-nbers for the modified 
aileron (fi£. 8), and this extension is desirable in 
keeping stick forces light over a greater range of aileron 
deflections. The pressure ?lots indicate no separation at 
the lowest If.ach number f'or 9. deflection of -12°, but some 
separation off the lower surface occurs at the hicher ~,1ach 
numbers. This tendency toward separation is furt~er evi­
denced by the increase in hlnge-moment coefficient with 
Mach number (fig. 8) and by ·the rearward shift in aileron 
center-of--pressure coefficient with Mach number (f'ig. 9(a)). 
For an aileron deflection of -12° ·the hinge-moment coeffi­
cient of' the modified aileron at low Y.ach numbers is 
appreciably less, even to the point of overbalance, than 
that of the original aileron. Compressibility effects, 
however, diminish this differenc~ so that, at a Mach 
number of 0. 6, the hinge-rrtoment coefficient of the modi­
fied aileron approaches that of the original aileron. At 
aileron deflections greater than ~12° there is a ra~id 
increase in hinge-moment coefficient (fit• 8) and a : 
rearward shift in center-of'-preesure coefficient (fig. 9) 
due to increased flow separation off the lower surface of' 
the aileron. This separation is agr~avated by compressi­
bility. Flight tests of the modified N.-\CA aileron 
(reference 2) showed imoroved flow conditions over an even 
greater range of negative aileron deflections than did the 
two-dimensional tests. The aileron stick-force data from 
the flibht tests indicate no severe separation off the 
aileron_ for aileron deflections up to -1~0 c~xi~um 
deflE!ctto:n test;ed) at a ·.-:aQh nurr"ber of' 0.33 (ina1L~ test 
speed with rr~ximwm deflection). 

The tendency toward excessive overbalance at high 
Mach numbers noted in reference 1 for· aileron deflections 
of -h0 and -6o is also noted for the·modified aileron. 
Rounding the nose of' the aileron delays ar.._-::1 makes more 
gradual the unporting of the aileronnose at up deflec­
tions,and this feature lessens the.undesirable te!ldencies 
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of an a.:i.leron of this ty!)e to 11 snatch 11 • A high-s.fieod 
flghter airpJ,ane equipped with a set of NACA mojified 
ailerons has been dived, with ailel'ons kept approximat-ely 
neutral 1 to a Mach nu~ber of 0.86 without showing aileron 
snatch or any of the other objectionable feat~es charac­
teristic of the ori[inal sharp-nose ailerons in hi[h-s~~ed 
dives. The tendency toward excessive overbalance at hi&h 
Hach numbers, however, is still to be expected with any 
type of control surface that depends upon a nose for·m 
which :;;>rotrudes into the air stream for close aerod~nS..:r.ic 
balance. For positive aileron deflections the 
hinge-moment co effie ient· (fib. 8) an:! the center- of­
pressure coefficient. (fig. 9) of the modifie0 aileron show 
charact-erist-ics similar to those o.f the original aileron; 
the hinge mor.1ents for the modified aileron, however, are 
somewhat less, 

Undesirable stick-force characteristics at the 
highest Mach numbers, ·¥'1here in a region of moderato 
aileron- deflect·ions the stick force decreased with 
increasing deflect-ton as a result of the tendency of the 
up-t;:oing aileron toward excessive overbalb.l1ce, were noted 
in reference 1 for the orig:!.naLailei!on. These chal·ac­
t~ristics were im~roved in the modified aileron (fi£. 10) 
but extrapolation of t:--te stick-f0rce curves 1Ii-~i·cates 
that, at spEJe..ds beyond those of the test data, similar 
control difficultios may be encour1tered. Esti~-..ated aclck 
forces at moder.ate alleron def'J.ections (±4°) were 
somewhat increased for the m0dified aileron at the lowest 
Mach numbers and reduced at the hip;her l~ach numbers. 
This reduction at the hieher N.ach numbers, for exam~~e, 
amounts to 13 percent for an aileron deflect~ on of ±4° 
at a ~tach number of 0.525. (See fiE· 10.) The decr-e&se 
in stick force at the higher Mach numbers permits greater 
aileron deflections for the modified aileron at s~eeds 
where stick force is the limiting £'-actor det"ermini~e 
maximum possible aileron deflection. Although the effec­
tiveness ratio 6.a./to..oa for small- deflect:tons is slightly 
less for the modi-fied aileron, the rate of roll at thase 
speeds can be e~ected to be increased as a consequencB 
of the larger range of aileron deflect10ns possible. 

'Ihe hinge-moment-c:>efflcient data of t:-J.e 
two-dimensional tests indicated a reduction of stick 
forces at large aileron deflections. as a result of modi­
fying the aileron nose, and this reducti0n was also shown 
in the flight tests of reference 2. At moderate aileron 
deflections there is variance, however, in the effect of 

... 
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nose modification on estimated stick forces based on 
two-dimensi0nal data and actual stick forces-obtained in 
flight. ~ention has been ma~e previously of reasons for 
the discrepancy between flight values and thg_?_e based on 
two-dimensional data. In addition, with an aileron of the 
Frise type, small differences in aileron contour, balance, 
and rigging resulting from. manufacturing ·and assembly-­
irregularities can cause appreciable c~anges in stick-force 
values. Stick-force data obte.ined for an aileron of this 
ty9e, therefore, apply rigor-:msly only for the particular 
wing-aileron combination used in the tests and may be quite 
different f0r another wing-ailerJn combination built to the 
same nominal dimensions. The flight stick-force data of 
reference 2 are measured from the trim positi0n of the 
ailerons, and chan£es in trim position can have notable 
effect on stick-force magnitudes for a nonlinear variation 
of hine_e-moment coefficient with aileron deflection. The 
two-dimensional data indicate, for example, that at a Mach 
number of 0.60 and for a total aileron deflection of 8° 
from trim position a change in trim_from oo to ± 1° can 
rec.uce the stick force by 15 pere-Bht • 

Frise Aileron Critical Speeds 

Increasing the nose radius of the Frise aileron had a 
marked effect on the ma£nitu'ies and variation with 1lach 
number of the peak negati~e pressures about the aile~on 
nose at large negative aileron deflections. The round 
nose of the modified aileron retarded flow s~paration off 
the lower surface to larger negative deflections with the 
consequent development of high peak negative pressures 
about the nose at large deflections; as shown in fi[ure 11. 
The rapid decrease in peak negative pressures for -~~e 
-12° aileron deflection, due to compressibility effects, 
and for the -15.50 deflection, due to both section airfoil 
normal-force-coefficient variation and com:;Jressibility, 
with the resultant increased tendency toward flow sepa- ·­
ration is further evidenced by large changes in aileron _ 
aerodynamic c~aracteristics, es~ecially hinge-mqment 
coefficients. At negative deflections up to -60 the nose 
modification produced no large changes in peak negat-ive _ 
pressures. Any marked departure of the air flow about a 
body from the strea~line p+cture, in which the flow 
follows the contour of the body, results in adverse efTects 
on aerodyna:~11c charact6ristics. This f'low change may 
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result, at subcritical Mach numbers, from ordinary 
separation or, at supercritical Mach numbers, from energy 
losses (that cause incomplete pressure recovery behind the 
shock) and from separation of the flow as a result of the 
severe pressure gradients across the. shock waves. The 
critical Mach number of a body refers, of cour~e, to the 
minimum free-stream Mach number at which the local 
velocity of the air stream at any point on the body has 
reached the local speed of sound. For flow that has not 
separated, the critical Mach number is the criterion for 
determining the speed at-which detrimental flow changes 
due to compression shock can be expected to develop. The 
field of supersonir. flow over the Frise aileron at up 
deflections is. localized about the nose of the aileron; 
thus the compression shock losses are not so sev~re as 
those on an airfoil where supersonic flow occurs over a 
much greater extent of surface; but at- speeds in e:·:cess 
of the aileron critical speed adverse effects including 
vibration and shake of the control can well develop. If 
separation has occurred at subcrltical speeds so that the 
flow is already undesirable, the critical Mach number is 
no longer of pri~ary interest. In this case, the critical 
Mach number merely means that a flow, which already is 
undesirable at subcritical speeds, can be expected to be 
even worse at supercritical speeds. 

Since t~e critical Uach number corresponds to a 
unique value of pressure coefficient, variations in criti­
cal peak negative pressure coefficient as a result- of 
aileron nose modification will be reflected by corre­
sponding variat-ions in critical Mach number (fig. 12). 
Because of higher peak pressures about the nose, the 
critical U:ach number of the modified aileron at~large up 
deflections is seen to be lower than that of the original 
aileron. As has been brought-~ut previously, the air flow 
about the model with the original aile-ron at large up 
deflections is already undesirable at subcritlcal speeds 
as a result of severe separation off the aileron. This 
separation meant reduced negative pressure peaks about the 
aileron nose and a higher cri~ical speed which in this 
case, however, is no longer of primary importance 3ince 
the flow is already undesirable. Nose mo:l.ifica.tion 
improved flow by delaying aepa.ratlon at large up deflec­
tions but with the development of high negative pressures 
about the aileron nose. For moderate negative aileron 
deflections (up to -6°), nose modif'ication changed the 
critical Mach number by a maximum of only 0.025. 

.. -
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F'or positive aileron deflections tvfO negative pres­
sure peaks occur on tho upper surface of the aileron, one 
at the leading edge an1 the other 28 to 33 percent behind 
the leadine edge where there is a relatively rapid chanee 
in curvature of the upper surface. For the original 
aileron the naxim\rrn negative pressure coefficient occurred 
at the second of these pressure peaks. The maximum 
negative pressure coefficient of the modified aileron 
occured at t~-re first of these peaks, as the increase in 
nose radius and balance caused an increase L1. the net:ative 
pressure pes.k at the leading edge. Lower critical Mach 
numbers fo~ the modifieJ aileron ensued:and were also more 
af·fscted by the section airfoil normal-force coef'ficient 
(fig. 12). The maximum decrease in critical lfach number 
at positive deflections amo~~ted to 0.075 at a defl~ction 
of bo. 

If lift effectiveness is to be mai!'ltained, se:;:>aration 
must not occ~. Modifying the aileron nose delayed­
separation to larger up deflections and _consequentl;,· 
i~proved. effecti veneas but also increased the peak -:ne-gative 
pressure coefficients about t~e aileron nose. Prevention 
of separation with a control of the Frise type can therefore 
be attalned only at the expense of the development of high 
negative pressures about the aileron nose. Instability of 
the high negative pressures, moreover, prod.uces corre .... _ 
spending undesirable variations in aerodynarr.ic balance and, 
hence, in hinge-moment characteristics. 

:3ectio::>n .Aileron Loads 

Tha ms.gni tude of· the section aileron normal-force 
coefficient (fig. 13) was .essentially unchanged by the 
modification of the nose of the aileron except st the 
largest negative deflections v1here the loading increased. 
At the lowest "Mach numbers there was also some increase- in 
section aileron normal-force coefficient at positive 
deflections above 60, but compressibilitJ- effects cUmin­
ished this difference in the coefficie~ts noted at these 
Mach numbers. The section aileron loads (fig. 14) were 
generally-somewhat less for the mo1ified aileron ror 
deflections of ~o~ 2o~ and -120 and somewhat more for 
deflections of 12u, Gv, 0°, -2°, ~4°, and -6°. ~odifying 
the aileron nose increased the loading at up deflections 
on the forward portion of the aileron but generally 
decreased the loading on the pear portion. For a 
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deflection of -120 the decrease in loadine on the rear 
75 percent of the aileron was sufficient to cause a net 
decrease in loading as shown in figure 14. 

Other Airfoil Characteristics 

'Ihe modified nose on the aileron produced only s;nall 
changes in the critical Mach number of the main portlon 
of the airfoil (fig. 15). The largest chang~ was an 
increase in critical Mach nu."Uber of 0.02 for the airfoil 
with the modified aileron at an airfoil normal-force 
coefficient o1' 0 and -an aileron deflection of -120. '.Ihe 
section pitchins-momEJnt-coeff'.icient charact-eristics 
(fig. 16) for the modified aileron ~nodel are quite 
similar to those fol' t:t.1e original aileron model.. 'lhe1•e 
is some difference, at the largest ne£ative aileron 
deflections where :ielayed separation on the modified 
aileron resulted iil an increase in pi tching-momGnt coef­
ficient; however, this difference in pi tching-:norrent 
coefficient is leasene:d with increaso in I!e.ch nun:ber slnce 
separation off the :.aoC:ifieC. aileron is ag,£ra.va-';;ec o:,­
com::>ressibility. The modified nose h&s apprecleule effect 
on the sectton aileron chord-force coefficients (fig. 17), 
and compressibility £tlsobas a la.r£e additional ef1~sct on 
these chord forces. 

Section airfoil and aileron CQaract~ristics_were 
determined from wind-tun:lel measu!'ei:lients of the complete 
pressure distributions over an airfoil with a round-nose 
slotted Frise aileron (based. on the .midsect:ion of the NACA 
modified aileron developed for a high-speed fighter-t:;pe 
airplane) for Mach numbers from 0.25 to ap~roxi~ately 0.76 
for various airfoil angles of at tack and ailer~n deflec­
tions. Tbe a.ilerons tested reoresented a mo-Jificat-ion of 
a sharp-nose F.rise aileron previously investigated by the 
NACA. The modification i::1cluded an increased nose radius 
as well as an inc~eased balance chord. These tes~s 
indicated the following comparative conclusions: 

1. The airfoil with the modified aileron can be 
expect6d to be more ef'.f'ective .for producing roll at large 
negative aileron deflections than the airfoil with the 

n 
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original aileron. r~is difference in effectiveness, 
however, would become less with i~crease in Mach number. 
At moderate aileron deflect ions (- 60) a small loss in 
section aileron effectiveness ~a/A5a resulted from 
modifying the aileron nose. 

2. The estimate:!. stick forces for non::lifferentlal 
aileron deflections were reduced for the modified aileron 
and, because of the gr·eater range of aileron deflections 
:possible at high speeds at which stick forces become -
excessive, an improvement in rate of roll is indicated at 
these speeds. 

3· At high diving speeds a tendency of the up-going 
aileron toward excessive overbalance still exists but 
modification of the aileron nose improved the stick-force 
ch~racteristics at these speeds. 

4. Section aileron loads were essentially unchanged 
by modifying the aileron nose. 

Langley Memorial Aer~nautical Laboratory 
National Advisory Committee for Aoronautics 

Langley Field, Va., March 7, 1946 
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TABLE I 

ORDINATES FOR M!IN PORTION OF AIRFOIL (WITHOUT AILERON) 

[stations and ordinates in inches from airfoil L.E. 
and chord line, respectively] 

Ordinate Ordinate 
Station Station 

Upper Lower Upper Lower 
surface surface sur .face sur.t'ace 

0 ----- -----. 
.o3 0.11 -o.o8 9·50 1.41 -0.91 
.l5 .27 -.17 10.10 1. 7 -·§0 ·30 ·42 -.23 10.6~ 1-43 -. 8 
·45 ·56 -.28 11.8 1.34 -.8~ 
·~9 .6~ -.32 1:5.07 1.23 ~·7 
•. 9 .8 -.~8 14.26 1.10 -.~0 1.19 1.00 -. 3 15.45 .~8 -. 1 

1.1-J.~ 1.12 -·47 1o.25 • 8 -·55 
1.7 1.22 -.51 16.63 .83 -.42 2.08 1.30 -·55 16.78 .82 -. 9 
2.;8 1.~7 -·59 16.93 .80 -·43 
2.b7 1. 3 -.62 17.08 -78 -.20 
2.97 1.47 -.66 17.23 & ·77 .04 
3·2z 1.51 -. 69 . 17 ·3.8 ·75 .20 
~·5 1.54 -.71 lto52 ·72 .31 

.16 1.59 --~7 1 .67 ·71 :~ 4·75 1.62 -· 2 17.82 ·lo 
5·34 1.6, -.85 1~·97 • 8 -4 
5·9 1.6 -.89 1 .12 .66 .. so 
6.53 1.63 -.90 18.27 .6h .s; 
·7·13 lo62. --91 18.42 .63 ·5g 
~·72 1.60 -.92 18.56 .61 ·5 

.32 1.57 -.91 18.71 ·5§ ·56 
8.91 1.54 -.91 18.76 ·5 .sa 

L.E. radius: 0.18 in., 
Slope of radius through end of chord: 0.100 
Shroud trailing-edge radius: 0.01 in. 
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station 

(In. frC11J. (In. fr0111 
a1r:ro11 L.E.) alleron L .E.) 

17 .!!J. 0 
17o/i4 ,03 
17.47 

_, 
.uo 

17-50 ·09 
17.52 ,11 

17·5~ ,J.4 
17•t .17 
17~ 1 .20 
17.Q4 ·~~ 17.67 .2b 

17·70 .29 
17.'B .32 
17.7"6 .3~ 
17·~ :~ 17. 

1J·97 .56 
1 .12 ·J1 
18.fl • 6 
18. 1.01 
18.56 :j.,15 

l.B.J1 
18. 6 

1.,0 
1. <; 

19.01 1:6o 
19.16 1.75 
19 ;31 1,90 . 
19·~ 2,05 . 
19. 2.19 
19·70 2.29 

TABLE II 

ORDIHATES l"QR AILERON ALOIIE 

[Ordinates in inches fro11 chord line ] 

Tallpleca 
' 

Ordinate Stat lOll • Ord!na.te 

Uppsr 11111'f'ace Lower surface ( In • flo Oll1 ( In • flo 01!1 Upper surface Lower surface 
airfoil L.E.) aileron L.E,) 

-0.30 -0.30 19·75 2,~4 0±8 -0.2~ 
--19 -·~~ ~2·2.? ~· ~ • 7 -.2 

-·~ 
l.r '1£ 

- ..Lj.V c.v .. .., "•"'1- •!I-:I -.lf,;,U 

-· -~ 20,20 2.&§ 

" 
..lj.2 -.25 

-.10 -.44 20.50 3. ·39 -.23 

-.07 -.45 20.~ '·M ·'i -.21 

-·~ - .li-5 21. 3. ·3 -.20 
-· - .li-5 21.~ l·98 .27 -.17 
-.02 -·M 21. .27 .23 -·~7 
-.01 -o4) 2_1.98 4.57 .20 -·.14 

,01 -.45 22.28 • 4.8z .17 -.12 
.02 -.45 22.~7 5.1 .13 • -.10 

:~ -·fra 22. 7 5.46 .10 -.oB 
23.17 ~·76 .07 -.o6 

.05 ::li4 23.47 .¢6 .as -.04 

.10 -.43 ~·76 6.35 .02 -.02 

.15 -.lj.2 .oo 6.59 0 0 
.• 20 -.li.o 

,26 -·39 ,,a -·37 

·l5 -.;6 
• 0 -.35 

:~ -.34 
-.;; 

.49 -.32 

.so -.;1 

.~o -.30 
• 9 -.29 
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